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ELECTRICAL ENERGY RLDUCTION
FOR ARMY INSTALLATIONS

1 INTRODUCTION

Background

Since the energy crisis ot 1q/3- -74, the continually incrtjasing cost ,of
electricity has adversely affected Army installation operations and 1oudgets,
and has become a subject of concern to installation commanders, Major" Commands
(MACOMs), and the Office oi tne Chief of Engineers. Since iQ7b, the Army's
electricity expenditures have increased by 61 percent. In FY79, the Army used
7,791,000 MWh of electricity at a cost of $290 million;1 this represented a 3
percent increase over 1q78 use and more than 5 percent increase over FY78
expenditures. In addition, this figure represents nearly 38 percent of tht
Army's total expenditures for utility services. Therefore, electric~ty cn-
sumption is a significant Arny expenditure in terms of both dollars and
energy. Although Facility Engineers (FEs) ano MACOMs have been directea to
reduce electrical energy consumption, 2 they have not yet realized major sav--
ings because there is a lack of knowledge about where energy is consumed and
about specific reduction measures.

In a previous study the U.S. Army Construction Engineering Research
Laboratory (CERL) analyzed the electrical enerqy consumption of several
representative Army installations. 3 General information was obtained about
the amount of electricity consumed by equipment components. tlectrical energy
end-use consumption was then determined, and the etfects of occupant activi-
ties and lifestyles on electrical energy consumption were evaluated. instal-
lation procedures and tcchniques that wereu being used to reduce electrical
energy consumption on installations were also observed and evaluated, and a
checklist for FEs to use when inspecting buildings was developed to eliminate
electrical energy waste. This information and the information doctumented in
this report will be used to reduce electrical energy consumption or installa-
tions, and thus reduce overall Army expenditures.

Objective

The objectives of this study are (1) to provide a detailed description of
how electrical energy is being used on military installations for both light-
ing and building components, (2) to describe daily and seasonal changes in

1 Facilities Engineering, Annual Summary of Operations (Department of the
Army, Office of theTCiefrnqineers, FY75, -T7TY }Y77, FY78, and FY70).

2 Army Energy Plan, ADAO570I/ (Department of the Army, 24 February 1078) • Ar'mv
Facil ities Energy Plan (1)epartment of the Army, 1080)

3 U--indingland, An Anal ysis of Ilec'trical Consumption at Repr'sentat iv, Army
Insta 1 at i ons, InTf-TrFTn--r--7TW7,77 -n F p7TT T -iy C-- -t --iT-To-n- -7r-- -
g neerin-gl-6wsea rch Lahorat, ry [ RL May 110 1' 0



electrical consumption and the relation to billing procedures, and (3) to sug-
gest operational changes, equipment, and techniques to reduce electrical
energy consumption on Army installations.

Approach

A detailed analysis of electricity consumption by various installation
components was conducted.

Daily and seasonal electrical power demands and the power cost/billing
structure were analyzed to determine potential for savings through reduction
of peak electrical demand.

Tests were performed on various types of equipment to determine their
potential for saving electrical energy.

Recommendations for retrofit opportunities and/or probable operational
changes that would reduce electrical energy consumption were prepared.

Mode of Technology Transfer

Information from this study will be used to prepare an Engineerinq Techni-
cal Note detailing recommended methods and procedures for reducing electrical
energy consumption on Army installations.

8



2 Dish IJSS ION

General1

The Army has nxpericeec iineo icy nt.reasos c rcrt ir the Cost of
electrical energy since FY/5. Tr o +t nan -'i ; r om V -' i iI I4n in F Y/ to
$290 mill ion in FY70q, wh lo i'oiari cot,sumptior n ; Errtas(e A.3 pc-( t
from 8.058 hi] I ion kWh to 7./111 hil Ion kWh.' Thi, it i, qi', a r per (rt that
cheap and plentifUl ene'-o-v is no, 'onqr cival' ah e LS must now seek m~llbocls
and procedures to ,ower el ectriical (r'-gjY conmr o nd ex~jendji to s.

Installation commanders, -n., and util ty managers who budget and Plaraae
the use of electrical enrrc ar-e we1 I(3warr, of the rising costs. most Ls
have attempted to reduce uensomniution, cr Ticir ir-.st1lltions by mne-hocs such; as
changing exterior lighting systems or reducing -tiqhting levels; however, fey,
have achieved substantial overall installotion savings. As new facilitips are
added to the installation, the b ui (inqs th(ey a r- to -epi ace 4rc somotime-
temporarily used for other purposes;, thils increases the post's total area 0 r,
subsequently increases electrical energy use. in addition, the new buildiroc
often consume more energy thar the ones they replace because of their more
sophisticated and complex heating, venitila-ting, and air-condition inc VPK
systems (e.g., electrically dr'[-en fan-coi units in each room vs. steom,'.c
water radiators). Incrroasee ji!;e of fliiht and gi-ound equipment SC
additions of computevs., electric: TYpewr~ tern , rorrigeratars in rrcs
electric heat pumps for fain: , ho using (Oso rcease on in'stallatiar'S U
ical use. Though they may L'SO! 1r, SUDSt&i!t i everall o nergy saivinen
simulators save vast amourus,, i avj i UII )uc , the'.t fac-tors XakereLSr

of electrical eneray --onsumpt ion extr-emely li iff4CL;t. Somic ot thesE <<-ttr
ca nnot be elIimi na ted ea s, Iy , )u, severl w ethods a nd c qu I pmevet., if1 rpr
applied, can produce sub ,antial electr-cal energy and cost savinas.

Instal-l-ation- Consumptio-r

Army i nstall1ati ons norma,, I" 'L-o rase the-rc le'trical energy f:rcvs loc
utility companies. High-voltc lo( 1,c -,oc s crovided to s~ttn
transformers through appr(cp-i -4 voootic, f- ,(--'rical devices an(' teen ois-
tributed at a lower vol taqc- fter rx amp I, 1- / /-z kV on overhead 0c Linder-
ground di stributi on feeorers to var-ious sections (ifth installation. 7 hc
final transformation to a tiaU cliy'uii1e voltage, for t.xamiP1lr , I?!
or 480 V, is provided by secod.,-y dist'iiut~ioC tinstormoe-s hetweodl toe
feeder and the facility/boil diinq -reqijiring the cectrical energy.

A CERL s;tudy conoiuc ted i rY7 thro-CUq h Ft c9 fort lirsn, ', ot rr-
mined where purchasea ene'q was hei:- wcusd o?, the, !stall1at tons. - Suhete ri no
of distribution feeders was, 3ndl Y7Cd to determirc trends, and evidfnec
high-use areaO The iitial analyses, which' considered monthly total :or-
sumption by feeder, were iniconclusive because feeder consumption patterns wore

~Facilities Engineey-i ng, Anniual Summiary of Op( '%ti ons (Departmnent ofi 1

L. Windingland, An Anaiy-si- of K' i (a Qnsumiptior- at ersr vrm
I nstall1atioCn s, , ne rm i eoc -w, RA cO~? T7V Ma



inconsistent, and because no oviccnce of trends could be obtained. Howover,
analyses of daily and nourly consumption data showed that a major portion
(more ttan bO percent) of electrical energy is consumed on a continuous basis.
It can be seen from Table 1 that many of the buildings (57 percent) served by
the feeder would be totally unoccupied at night. However, electrical data
indicate some of these are being operated as if they were occupied. This con-
sumption occurs continuously every hour of every day, forming a major portion
of the total feeder consumption. Figure 1 shows an example in which the
minimum hourly demand was 470 kW and total consumption for that period was
447,300 kWh. In this case, the minimum hourly demand (470 kW x 24 hours/aay Y
25 days divided by the total consumption -- 447,300 kWh) is equal to 0.63, or
63 percent of the total. The area under the curve bounded by the minimum

demand consists of 63 percent of the total area under the curve.

Installation electrical energy uses are closely related to those of smallI
municipal operations, including: building operation (i.e., lights, appli-
ances, fans, pumps, chillers, cooling towers, water heaters), street lighting,
security and safety lighting systems, traffic control systems, communications
equipment, computers, maintenance activities, recreational lighting, water
pumping and distribution, sewage collection and treatment, refrigeration for
cold storage, airfield lighting, snow melting, ice removal, and cathodic pro-
tection. In addition, some energy is lost as heat due to transformer and

Table 1

Facilities Served by Feeder

Type Square Feet ",of Total Square Feet

Administrative 213,100 1.

Training 32,500 2.7

Operational/Maintenance 32,400 2.6

Medical/Dental Clinics 236,900 19.3

Hospital 168,000 13.7/

Recreational:
Night Operation 131,000 10.6
Day Operation 87,000 7.2

Troop Housing 198,900 16,1

Family Housing 36;3002.

Storage 94,000 7.6

Total 1,230,100
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distribution losses that occur as electricity is ,istributed throughout the
installation.

Electrical Costs

The average cost of a kWh of electriai enery v i .y instalIazior,
ranging from 0.8 cents/kWh to 7.6 cents/kWh. The most riaiistic method ofcomparing electrical energy costs is to divide the total expenditures by th-number of kWh used over a consistently spaced period of time that will producevalid comparisons. However, these results must be applied with caution. Amonthly comparison, preferably for a year, may reveal considerably different
costs per kWh for a particular installation. Dcpending on the utility ratestructure, the cost can vary Dy month and even by time of day. Utility con-tracts contain severdl different billing items, as well as the amount ofenergy consumed. Sowfe of these costs are obvious, while others may be par--
tially hidden.

The cost of clectrical encrgy was analyzed by comparing the rate struc-ture and utility bills dt Army installations with the incremental costs ofmajor items on electrical utility bills (energy, fue ad'iustment, demand, andpower factor charges). Tables 2 and 3 show these costs. This informationwill enhance utility bill analysis and thus in some cases assist in determin-ing the most cost-effective rate structure for the installation and clarifyhidden costs in the utility bills. Some utilities which serve Army installa-tions have only one government rate schedule, resulting in a no-choice situa-
tion.

11



Table 2

1978 Itemized Electrical Cost

Fuel Power
Energy Adjustment Demand Factor

Month K$ % K$ _ K$ KS Total

Jan 96.1 71 7.3 5 31.9 24 - 135.3
Feb 90.1 69 7.4 6 32.3 25 - -129.8

Mar 78.7 67 6.5 6 31.9 27 - 117.1
Apr 84.0 71 4.9 4 29.1 25 -- -- 118.0
May 78.7 68 5.7 5 30.7 27 0.5 0.4 115.5
Jun 76.5 59 19.0 15 31.7 25 1.6 1.2 128.8
Jul 88.3 59 25.9 17 31.9 22 2.3 1.5 148.4
Aug 88.9 62 17.7 12 32.6 23 3.2 2.2 142.5
Sep 80.6 58 24.8 18 31.0 22 2.2 1.6 138.5
Oct 77.9 61 19.8 15 29.4 23 0.4 0.3 127.5
Nov 84.2 61 20.9 15 31.3 23 0.6 0.5 137.0
Dec 92.4 62 25.2 17 30.3 20 0.8 0.5 148.8
Annual 1,016.4 64 185.1 11.7 374.1 23.6 11.6 0.7 1,587.2

Table 3

1979 Itemized Electrical Costs

Fuel Power
Energy Adjustment Demand Factor

Month K$ % K$ % KS % K$ % Total

Jan 87.4 66 14.1 11 31.0 23 0.7 1.0 133.3
Feb 84.2 62 19.1 14 31.0 23 0.6 0.5 134.9
Mar 76.3 63 14.9 12 30.3 25 0.3 0.3 121.8
Apr 84.8 69 7.8 6 28.7 23 1.1 1 122.3
Ma~y 76.7 63 16.0 13 29.4 24 0.5 0.4 122.6
Jun 76.3 55 31.9 23 29.4 21 1.4 1 139.0
Jul 78.5 58 22.8 17 31.3 23 1.8 1.3 134.4
Aug 79.9 59 21.2 16 31.7 23 2.1 1.6 134.8
Sep 82.5 57 30.2 21 30.7 21 1.7 1.2 145.1
Oct 78.8 56 31.9 23 29.4 21 1.1 0.8 141.2
Nov 79.1 56 29.9 21 31.3 22 1.0 0.7 141.3
Dec 86.5 58 32.3 22 30.0 20 0.1 0.1 149.1
Annual 971.0 60 272.1 16.8 364.2 22.4 12.4 0.8 1,619.8

12



Building Electrical Consumption

During FY79, 20 Army buildings were selected for analysis, including
bachelor quarters, an administration building, dining facilities, a dental
clinic, a theatre, an officers' open mess, and maintenance facilities. The
total consumption by month for the 20 buildings for 2 years was determined
from metered electrical energy data. The air-conditioning baseline load
(minimum demand), peak demands, seasonal changes in electrical energy use, anI
evidence of increase and decrease in electrical consumption were identit.cd
for each building. These data were presented in CERL Interim Report L-16i.
This report indicated that the majority of the buildings' electrical energy
consumption occurred during nonduty or nonoccupied hours. Often, the annuel
unoccupied consumption consisted of over 75 percent of the facility's total
annual consumption. This indicates the additional electrical energy to sup--
port occupancy may be as little as 25 to 40 percent of the total building con-
sumption. These data supported a conclusion that substantial emphasis should
be placed on reducing the building's minimum baseline electrical energy cqn-
sumption. This would provide savings every hour of the year, as well as
reduce peak demands. Some items to consider for savinqs are the air
nandlingtj motors, huL wdLer heaters, and circulating pumps used in uncca; L
ouildings.

Breaking out electrical energy consumption by air conditioning, heating,
lighting, appliances, and miscellaneous electrical energy use provided a more
detailed analysis for a barracks, a dental clinic, and an administration
building. The baseline consumption data, along with operational information,
show where major savings can be achieved for each building.

Reduction Equipment and Techniques

A literature search was performed to determine new equipment and proven
techniques for reducing electrical energy consumption. Detailed information
was obtained on devices improving operating characteristics of motors, light-
ing, electronic time switching, and energy management and control systems.
Items that can have near time effects on building electrical consumption were
analyzed, as well as how to apply them to obtain maxiirim benefits. Based on
this analysis, Chapter 3 lists techniques that the FE can use to minimize
electrical energy consumption within facilities while still maintaining occu-
pant comfort.

Specific Tests

CERL performed laboratory tests on fluorescent light fixtures to deter-
mine the energy-conservation effects of low-consumption lamps, high-efficiency
ballasts, and the effect of removing tubes with and without disconnecting bal-
lasts (pp 23-30). A power factor controller was tested to determine cost
effectiveness at various motor loadings and to define a method of applying
these devices to Army uses (pp 50-53).

L. Windingland, An Analysis of Electrical Consumption at Representative Armv
Installations, Interim Report E-163/ADA085298 (CERL, May 1BOT
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Field tests were performed on low-consumption fluorescent lamps to deter-
mine the measured effect of group relamping, and on programmable multifunction
time switches to control HVAC motors and equipment in an Army building
(pp 43-45).

14



3 OBSERVATIONS OF ELECTRICAL CONSUMPTION
AND COSTS

Installation Consumption

The profile for electrical demand shown in Figure 1 for one of the
feeders at Fort Carson, CO, is for a winter month, and therefore does not
include the air-conditioning demands. Substantial variations in hourly c01n-
sumption occur throughout a day, ranging from a minimum of 470 kW to a maximum
of 1100 kW. The variations between weekdays and weekends can be more clearly
noted from Figure 2.

The total connected transformer capacity on this circuit is 3280 kVA, of
which 187 kVA is the connected transformer capacity of street lighting cir-
cuits. The minimum hourly consumption, extended over the number of hours
shown on the curve, constitutes 63 percent of the total feeder consumption.
The feeder serves 63 buildings.

Figure 2 is a plot of the hourly consumption for a winter weekday and
weekend day. These data show that maximum demand occurs at about 1900 hours
in the evening, and that minimum demand occurs at 0300 hours in the morning.
The data show the increasing consumption at the beginning of a workday and the
increase, due to exterior and street lighting, at roughly 1800 hours. It is
interesting to note that the difference in total consumption between a weekday
and a weekend day is only 11 percent. The majority of the buildings (see
Table 1) served by the feeder should not be in use on the weekend (e~g.,
administration, training, and maintenance).

A study of the data indicates that street and exterior lighting account
for 15 to 25 percent of the minimum nighttime consumption. The primary reason

1200

i
z

0 0 WINTER WEEKIDAY
(L- o

O~ 800 0WINTER WEEKEND
z
0 600

400

200

0 1 2 3 4 5 6 7 8 9 10 11 12 1314 15 16 1718S 19 2021 22 2324

TIME OF DAY

Figure 2. Daily feeder profile.
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i A.

for the high minimum demand (470 kW) is the continuous operation of heating,
ventilating, hot-water heating, and pumping equipment within the buildings.
This is estimated to be 60 to 70 percent of the minimum. Other contributions
to the baseline minimum are refrigerated storage, security and safety light-
ing, vending machines, water coolers, clocks, and emergency lighting system
rechargers. It is also assumed that some electrical energy is being consumed
by lights and appliances being used late at night or negligently left on by
building occupants.

Although this profile shows only one feeder at Fort Carson, other feeders
on the installation exhibit the same general profile and similar minimum
hourly consumption rates. Complete data for these feeders were presented in
CERL Interim Report E-163. 7 Figures 3 and 4 show the distribution of the
electrical consumption, by building, at Forts Carson and Belvoir. These
charts were extracted from CERL Interim Report E-143. 8 Information for the
charts was derived from a regression analysis of electrical consumption data
for several buildings in each of the consumer groups (i.e., family housing,
troop housing, maintenance) and from data obtained from the installation real
property inventory. The charts show that the buildings consuming the most
electricity per unit area are community facilities, medical-dental facilities.
and administrative and training buildings, while the major post electrical
consumers are administrative and training, family housing, and cormunity
facilities. The charts represent only the portion of electricity consumed by
the buildings; however, other installation electrical uses such as street
lighting, water and sewage distribution and treatment, and refrigerated
storage also represent a significant portion of total annual consumption.
Chapter 4 gives a breakdown of electrical energy consumption within buildings

Electrical Energy Costs

An electrical energy cost analysis for a large uscr like an r, y inst . -

lation is not as straightforward as it may seem. individual housthci electr-
ical bills usually include a basic charge for the connec4 ion, a charr for th(
amount of energy used, and an adjustment charge to comren ate thc utility for
higher fuel prices. On the other hand, large users often nave additional
charges, such as demiand and power factor penalties, which can add substan
tially to the total electrical utility bill. The following sections analyz-
these costs.

The electrical energy consumed by an installation is partially hii, f,
amount of energy used in kilowatt hours, as calculated from difterential read-
ings of the utilities' master electrical meter. When the meter is read, the
previous month's reading is subtracted from the current reading and the
difference multiplied by an appropriate meter factor to obtain the total

7 L. Windingland, An Analysis of Electrical Consumption at Reprcsertative Army
Installations, Interim Report E-163/ADA085298 KCERL, May 1PRO).

8 B. Sliwinski, 0. Leverenz, L. Windingland, and A. Moch, Fixrd Facilitics En-

ergy Consumption Investigation -- Data Analysis, Interim Reporf -- T4,,F'
ADA066513 (CERL, February 1979).
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Figure 3. Electrical consumption and area distribution -- Fort Carson.
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Figure 4. Electrical consumption and area distribution -- Fort elvoir.

kilowatt hours consumed. The rates for electrical use, although 3ometimes a
flat contract amount per kilowatt hour (e.g., $0.03/kWh), often depend on thc
amount of energy consumed, with a higher rate for an initial predetemined

amount, and a decreasing rate when consumption exceeds this initial amount.
For example, the first 100,000 kWh may be billed at $0.023/kWh and dfly amount
beyond that billed at $O.016/kWh. The energy consumption costs (/kWh) on a n
Army installation typically represent about 40 to b5 percent of the total
electric utility bill.

17



Electrical consumption can also be billed in this manner on a kWh/kW
demand basis. An example of this rate structure would be the first 200 kWh/kW
demand at $0.023/kWh, the next 200 kWh/kW demand at $0.016/kWh, and all addi-
tional kWh at $0.014/kWh. This type of structure increases the rate per kWh
based on the highest demand for electricity during that period; for example,
if consumption for a faci!ity were 10,000 kWh, and the demand were 20 kW, the
bill would reflect a total cost of $0.0184/kWh, and if the maximum demand were
25 kW, the total cost would be $0.0195/kWh. In the first case, 4000 kWh would
be billed at $0.023/kW, the second 4000 kWh at $0.016/kW, and the remaining
2000 at $0.014/kW. In the second case, the first 5000 kW would be billed at
$0.23 and the remaining 5000 would be billed at $0.016/kW.

In addition to energy charges, utility companies use fuel adjustment
charges, which fluctuate primarily according to changing costs of the fuel
used to generate electricity. For example, a fossil fuel cost adjustment fcr
one Army installation reads as follows: "An amount equal to 1.07 times the
portion of system input represented by steam generation times the difference
between the actual unit cost of fuel burned during the second month preceding
the date of billing and a base unit cost of $0.04836/kW of net steam genera-
tion. The actual unit cost of fuel burned shall be determined by dividing
actual monthly costs of oil, gas, and coal burned by the total system steam
generation exclusive of station power; an amount equal to the product of
monthly billing kWh times the unit fuel adjustment is the total fuel adjust-
ment charge." Such a fluctuation can make utility budgeting extremely diffi-
cult, since this charge can range from 5 to 25 percent of a monthly utility
bill.

Electrical demand charges are based on the highest rate at which electri-
cal energy is consumed during a specific time period. The demand charge is
designed to make the customer pay a share of the utility company's investment
for the production, transmission, and distribution equipment necessary to meet
maximum requirements. The electric utility company provides all of the power
that an installation requires whenever power is needed. Thus the company must
invest in enough equipment to supply the installation's peak power require-
ments even though these may occur for only a brief portion of a billing
period. Therefore, the demand charge is intended to compensate the utility
company for its investment and to encourage the customers to decrease power
use peaks so that the utility company's equipment can be used most effi-
ciently.

The installation's actual demand is computed as the average amount of
energy consumed in a predetermined demand measurement interval -- normally 15
minutes (other intervals, such as 30 or 60 minutes, are also used by some
utilities). Regardless of the interval, the highest demand recorded during a
month becomes the billing demand for that month. Some utilities also employ a
special clause, known as a ratchet clause, which states that no matter what
the installation's actual demand may be in a given month, the demand for which
the installation is billed will be no less than a certain percentage of the
maximum monthly demand during a set number of inmediately preceding months or
of the maximum annual demand. Such a clause can penalize the installation for
one 15-minute period in a year when the demand is greatest, even though that
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peak may never occur again; therefore, elimination of peaks could save , ;ub-
stantial amount of money for the entire year.

Demand charges vary from utility to utility, with typical charges ranqing
from $1 to $5 per kW or kVA. These charges are typically 20 to 40 percnt of
the total electrical utility bill (if kVA, an increase in power tactor may
also reduce demand).

Power factor is a measure of the phase relationship between current an(;
voltage in an alternating current electrical system. Under ideal conditions
of purely resistive loads (rarely achieved), current and voltage are in phas,
and the power factor is unity (1.0). If inductive loads (e.g., indu(tion
motors, transformers, or fluorescent lighting, arc furnaces, rectifiers, or
welders) are part of the load, the power factor will be less than i (typically
0.8 to 0.95).

Generating and power distribution systems (except prime movers) owneo tny
the electric utility company have their capacity measured in kVA, where KVA i
equal to the voltage times the current (times ," for three-phase) divided t y
1000. With a unity power factor, it takes 2000 kVA of generating and distri-
bution network capacity to deliver 2000 kW. However, if the power fa tor werc
0.9, the generating and distribution capacity of the utility company would
need to be 2222 kVA to deliver the same 2000 kW. Thus, low power factor
adversely affects generating and distribution capacity.

Electric utilities almost always require that large users keep their
power factor above a given value (e.g., 0.9) or pay a penalty. Some uvility
users might mistakenly think that they are not being penalized for low power
factor because the utility contract contains no power factor clause. ,w\,tr.
some utility companies base billing demand on kilcvolt amperes rather teano
kilowatts. For example, if the load of an activity were 4500 kW and tric
activity were operating at a 0.9 power factor, the accompanying demand woulc
be 5000 kVA. For the same 4500 kW load and with the installation opcratioc ai
0.85 power factor, demand would be 5294 kVA. At a demand charge of $3 per
kVA, the additional cost of the 0.85 power factor reflected in the demand
charge for the month would be $882 (294 kVA x $3). The hidden cost (f the low
power factor could also be reflected in a higher energy charge, since a ooc-
lining block rate energy charge structure is sometimes a function et kilowc.tl
hour usage per kVA of billing demand (similar to the kWh per kW drscribed ;.rc-
viously). These factors may exist only for the purpose of creating a (ost. tor
low power factor in a rate structure that explicitly has no power fa( tor
penalty clause. Power factor penalties typically cost an installation irj I
to 3 percent of its total electrical utility bill.

Tables 2 and 3 show an analysis of electrical energy costs for an insta!-
lation over a 2-year period; information for the tables was obtained from
actual utility bills. As shown in Table 2, the energy, fuel adjustment,
demand, and power factor penalty charges have been separatt.d. This type (,f
analysis shows the percentage of costs, both monthly and annually, for eh
billed item on the electrical utility hills. Information from this table will,
help determine what conservation efforts will achieve the most rapid peyr,,(k

(i.e., reduced consumption, demand limiting, power factor (orre(tion. Kn
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2 shows that in 1978, 64 percent of this installation's electric utility dol-
lars were spent on energy costs, 11.7 percent on fuel adjustment charges, 23.6
percent on demand charges and 0.7 percent on power factor penalty charges. :n
addition, it shows that fuel adjustment charges fluctuate widely (5 to 18 per-
cent) throughout the year and that power factor penalty charges increase dur-
ing the air-conditioning season (June through September) because of additional
inductive motor loads; thus, it indicates where power factor correction could
be applied (i.e., air-conditioning equipment).

Table 3, which provides similar data for 1979, shows expenditures of 60
percent for energy, 1i percent for fuel adjustment, 22 percent for demano, ard
0.8 percent for power factor penalty. Again, it is noted that the power fac-
tor penalty charges increase during air-conditioning months; in addition, the
highest consumption (indicated by energy charges) occurs in December and Janu-
ary at the height of the heating season. Comparison of Tables 2 and 3 shows a
substantial increase in costs for fuel adjustment charges, even though no
changes in the utility contract rate occurred over the 2 years. This instal-
lation has an energy charge of $0.01404/kWh and a demand charge of $2.72/kW.
The two tables show that the major areas of concern are reducing both energy
use and demand. Power factor correction may not achieve early payback because
of the costs of corrective equipment and annual power factor penalty expendi-
tures. This type of analysis provides a starting point for determining where
electrical energy costs can be reduced.

Building Electrical Consumption

The individual electricity-consuming components in a building consist cf
various combinations of lighting, heating, air conditioning, motors (fans ar
pumps), appliances, electronic equipment, vending machines, water coolers,
exhaust fans, safety and security lighting, alarm systems, HVAC control, and
clocks. To reduce ouild~nq electrical consumption, it is necessary to kncw
how much each componert uses when it is operating and how long the component
operates during a given poriod of time. Therefore, Chapter 4 briefly
describes and provides power calculations for typical electrical systems.

The electrical power supplied to Army buildings is obtained from either
single-phase or three-phase alternating current sources. Electrical energy is
supplied to the buildinqs from transformers at various voltages (120, 208,
240, 277, or 480 V). Regardless of the magnitude of the voltage, the waveform
is as shown in Figure 5. This cycle is completed 60 times per second (60-Hz
frequency). A three-phase voltage source is composed of three single-phase
sources of equal magnitude and 120 degrees out of phase with each other, as
shown in Figure 6. Almost all electrical power systems serving Army buildings
are three-phase, and when single-phase power is required, it is obtained from
one phase of the three-phdse system. There are two basic transformer concc-
tions to provide a three-phase source -- delta and wye. Figure 7 shows tri(
transformer connection and typical voltages for these two methods, as well as
a standard single-phase connection.

The power consumed by a "single-phase" electrical component is determined
from the product of the line voltage (as measured with a voltmeter), the lint
current (as measured with an ammeter), and a factor called power factor. For
a purely resistive load, such as an electric heater or an incandescent iamp,
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Figure 5. Single-phase voltage waveform (60 Hz').

I - /60 SEC

Figure 6. Three-phase voltage waveform (60 liz).

the power factor is unity and the product of voltage and current (volts times
amps give the power being consumed by the device (watts). However, with
other building loads, such as motors and discharge-type lighting, the power
factor is less than unity and enters the calculation. The power factor, which
is the cosine of the phase angle difference between the voltage and current
waveforms represents the magnetizing current required to operate an inductive
electrical device (see the Power Factor section of Chapter 5). Typically, the
power factor of a purely resistive load is 1.0, for discharge-type liqhts.
0.92 to 0.98, and for induction motors, from 0.6 to 0.(5. (Power tactor. lowr
than 0.6 are also possible, especially for operating unloaded motors.) lhcro-
fore, if a 3-hp, single-phase motor measured at 240 and drawing 16 ampers had
a power factor of 0.85, its hourly energy consumption would be 3264 watts
(240 V x 16 x 0.85). The volt-amperes required would be 3840.
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"Three-phase" power is calculated similarly, except another constant in
the formula is reqired -- 1.732, which is the square root of 3. For example,
a 5-hp three-phase motor measured at 208 V and 16 amperes and having a power
factor of 0.85 would have an energy consumption of 4900 watts (208 x 16 x 0.85
x 1.732). The energy consumed by an electrical component can be calculated by
knowing the number of hours the component operates (i.e., if the 5-hp motor
mentioned above were operated for 10 hours, its power consumption would be
49,000 watt hours, or 49 kWh). Individual components that consume electrical
energy in a building are discussed separately in Chapter 4.

12012T2

N 40 N 24-

120 fr02-
- A

(opt)

loot0 
----

4380

A -- single-phase, 3-wire 120/240 V
B -- 240 V delta with 120 V tap
C -- 480 V delta with no tap
V -- 120/208 V wye
E-- 277/480 V wyeI
F -- 220/380 V wye

Figure 7. Typical voltages for transformer connections.
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L BUILDING COMPONENTS CONSUMING ELECTRICAL ENERGY

Lighting

Lighting is a major use of electrical energy in buildings (10 t-1; p,
cent or more). The goal of lighting energy conservation is to provide *-n r*-
quate quantity and quality of light for specified tasks u,-ing a minrmur )t
energy. Six lighting problems can contribute to electrical erergy waste.

1. Lighting levels may be too high for the working cnvironmcrt.

2. The building's lighting system may be inefficient. I
3. Lights may be left on when the space is not being used.

4. Controls are inadequate.

5. Work stations are improperly located to take maximum advartacQ f 1(r.
lighting system or building design.

6. Existing systems may be maintained poorly.

The FE shoild know the most commonly used lighting types before taking
action to reduce lighting energy use. Technical Note No. 80-17 is an exccl-
lent source of lighting type description.9 Six basic types of lighting can bc
used: incandescent, fluorescent, mercury vapor, metal halide, high-pressure
sodium, and low-pressure sodium (low pressure sodium only used in accordant<
with AR 420-43). The latter four types are known as high-intensity discharqc
(HID). Table 4 gives the characteristics of each type of lighting.

Incandescent lamps are widely used; however, other light sources, parti,-
ularly fluorescent, have been displacing incandescent lamps for many irterie'-
applications. Although incandescents are the most. commonly used, they arc, trc-
least efficient of the light sources (i.e., they have the lowest light outpUl
per watt input); the average output of incandescent lamps is 16 to 10
lumens/watt. The simplicity of application and the low prices of the lam> ard
the fixture are the main reasons for the general use of incandescent lighting.
Its efficacy increases as lamp wattage increases. This makes it possible tc
save both energy and fixture costs when one higher wattage lamD is used
instead of two lower wattage lamps. Incandescent lamps are available in
smaller sizes than other types of lighting and can be used when only low-level
lighting or indicator lamps are required. Incandescents can also [,e r'adi"y
and economically dimmed for decorative effects or to save energy.

The fluorescent lamp, the second most commonly used light source, is sie
in almost all Army buildings. including housing, administration, storage', and
industrial plants. Unlike the incandescent lamo, the fluorescent lamp
requires a ballast to initially strike the electric arc in the tub( and 1(
maintain the proper voltage and current. Lamp sizes range from 4 to 25u)

9 Energy Conservation and Proper Lighting, Technical Note R0-17 (Office ei tbh

Chief of Engineers, 1 September 1980).
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Table 4

Characteristics of Lighting System Types

Average Lumens per Watt Average
initial Mean Life Warmup (Restrike

Type of Lamp (Lamp Only) (Including Ballast) (Hours) in Minute-

Incandescent 15-24 13-23 750-2500 Immiat

Mercury vapor 40-60 23-46 18-24,000 5-7 '-K

Fluorescent 63-100 44-75 12-24,000 _mmneciate

Metal Halide 80-115 56-83 7.5-20,000 2-5(i)-? ,

High-Pressure* b;-140 41-111 24,000 3-4(L.
Sodium

Low-Pressure 132-183 70-143 18,000 7(C-i)
Sodium (see
AR 420-43)

*For lamps designed for HPS ballasts. Figures are lower for lamps designed

for mercury vapor ballasts.

watts. The efficacy of the lamp increased with lamp length (i.e., 8-ft
[2.4-mi tubes are more efficient that 4-ft [1.2-mi tubes). The efficacy ot a
fluorescent lamp and ballast combination ranges from 44 to 75 lumens per watt,
with an average of about 60 lumens/watt. The reduced wattage fluorescent
lamps introduced recently use from 10 to 20 percent less energy than conven-
tional fluorescent lamps. Fluorescent lamp life is rated according to the
number of operating hours per start, e.g., 20,000 hours at 3 hours of opera-
tion per start. The greater the number of hours operated per start, the
greater the lamp life is. Because fluorescent lamp life ratings have
increased, the number of times a lamp is turned on or off has become less
important. Generally, when spaces are unoccupied for more than a few minutes,
the lamps should be shut off. Actually fluorescent and incandescent can be
treated alike in the matter (for HID lamps the restrike time must be con-
sidered).

The four other types of lamps are categorized as HID lamps. Each
requires 1 to 7 minutes to start up and achieve full brightness, and most
require a restrike time if the lamp is shut off. (A new device on the market
allows for instant restrike for high pressure sodium lamps.)

Mercury vapor lamps produce light when the electrical current passes
through a small amount of mercury vapor. The lamp consists of two glass
envelopes: an inner envelope in which the arc is struck, and an outer
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protective glass bulb. l ib l It A iy vipor lIamp r( t . i r pal ds? o t i t otr, i x
designed for its spf( it1 u,,,,. I op sizes rdn(l( fruw 40 ,: (Ii,{: wT .'

normally have an ef ticda. Y f I t , lumens Ier wett.

Metal hal ide 1 ainp, ir, very siti, i I r tu mercury v u or I imps h( .'Vt ,
their efficiency is unt an u r:( -halt to two times grEater -- 9!0 t(, r
per watt. Again, specifically oesigned ballast arid fixturs must I)( Ust.
Metal hal ide lighting prodir better color rendition than m( rury vapcr
lamps. Because of their re.ativfly short life (IC,UOt; to 15,1)UC hours, tr t
use is generally restricted to aplications where coIor rcndition s
and their hiher efficiency will offset replacement cost-.. LaImp iz
from 1"5 to 1500 watts.

High-pressurp so(iium lamps h,'ve the highest efficiency of alI i
normally used indoors. The lamps range in size from 50 tu 1000 watt arl
rpquire a specifically designed ballast. The high-press{ure sodium !4m r
duces light when electricity passes through the pressurizer sodium; O r u t
produced is not the characteristic bright yellow associated with s-,iliu . u:L,
rather a golden white light. Although high-pressure sodium lamps we ,
used for street and outdoor lighting, they are now also uscr in inrlustriV
plants and in many commerc'al Hnd institutional office and school app. ria-
tions. High-pressure sodium lamps normally provide an efficiercy of 1, .
140 lumens per watt.

Low-pressure sodium (LPK) lamps are the most efficient of ali clmmcl
used lamps, providing up to 180 lumens per watt, however, their usc, is l r":r
by AR 420-43. indoor use is restricted because of their monochromatic
output, in which colors all appear as tones of gray. These lamps rar,-'
size from 35 to 180 watts. Their primary uses are for street and hihiwc.
lighting and for outdoor and security lighting. indoor applications f-,,
such as warehouses are practical if color distinction is not important, .
colors of objects have little effect in identifying (cr camoufl ainq n7.i
Object shapes are sharply outl ineod, even at normal , ",ow toot-cdnd,-vC -
Therefore, low-pressure sodium is normally suitable for security iigriting.

In addition to security lighting, low-pressure sodium is suitab>, iae
street lighting, but its use for parking lots is ouestionable. On the hni.
way, colors of cars are of minor, if any, importance, but the colors of cr-'
parked in a lot are important to motorists trying to locate them. In(noerS,
low-pressure sodium lighting can be used in cold storage rooms. 1ts L ai rQ
characteristics allow easy cold ambient tniperature starting, ano the iew
energy required means reduccd loading on cooling equipment. (This is not
good application, however, if items in cold storage are identified by cc;cr-
coded labels.) Another application of low-pressure sodium is for night I crt-
ing of stores and other facilities where intcrior spaces ore v,si f,
street. Low pressure sodium lighting can only be user in accordancc W t
AR 420-43.

The Federal government has mandated that general lighting Irveis in
buildings be established at 50 foot-candles at the working surface ot a- 1,
pied work station, 30 foot-candles at the floor of work areas, nod ftw .
10 foot-candles in nonworking areas such as corridors and hallways. Not( ; ,l
this criterion is overidden for some applications (see DO 4270.1M anO .N.
17). This 50/30/10 foot-candle requirement may be difftcult to maintii rn



many Army buildings 1,e-.t~se the interior lighting design may provide only uni-
form illumination "e<,-.- which nave little relationship to the lighting
req-urements of i s-cfic task. The designer cannot always define the exact
rature or vcca:i : pe'ific task area or area use. This is compounoi-
by additions, parti , :os, furniture, wall, ceiling, and floor finish, all of
which affect the r, r.t4-c system's effectiveness. To determine if the
50/30,10 foot-candlr requ'rement has been achieved, a building's lighting must
be measured with a foot-candle meter. (Note that 50/30/10 is not essential
but only a guide since -amp aqe, maintenance, and other factors can influence
the overall liaht output. The reouirement is for the general lighting ever a
period of time. Tpsk lichting can be greater than the 50 foot-candle limit.)

There are usujliy wavs to change a lighting system's efficiency. If the
wiring and lightinq systors are flexible enough to allow luminaire relocatior
ease of adding switchino, or individual control, it may be possible to modify
lighting levels in specific work areas. Where this flexibility does not
exist, it may oe recessary to remove or add luminaires or even remodel tne
entire lighting system to obtain proper illumination and still reduce energy
consumption. In some cases, it may be sufficient to replace lamps with
lower-wattage lamps, remove lamps from some fixtures, or use "dummy" tubes in
fluorescent fixtures.

A lighting system :s interrelated to other systems such as heating and
cooling. Heating and cooling systems can be strongly influenced by eliminat-
ing luminaires or changing systems, so it becomes important to consider heat-
ing and cooling functions during the lighting analysis. It must be recognizee
that reduced lighting can increase the heating load and reduce the cooling
load in a building.

While conservatior, is important, it must be achieved while maintaining
consistent standards of Yisual comfort, aesthetics, and productivity. One
area of -nergy wstc -s -,.' lighting levels exceed the amount required frr
the tasks. All woruir; a,-as should be measured with a foot-candle meter, ano
if changes are necessary, an intelligent approach must be used. Be carefu'
not to overdo ligh.iroq r'duction. Maintained illumination, nr+ initial.
should be at thc recomminrced level. If measurements are made of a new system
in a freshly painted ..orr, the foot-candle level could easily be twice the
calculated leve. -- luminaires are new and clean, lamps are operating 3t thei,
initial rather that, rean lumen output, and walls, ceilings, and floors are at
maximum reflectivity. A, time goes on, all these factors will age, and toe
lighting level may decrease to the recommended level or even below it. All
methods of calculating lighting levels take these factors into account, ano if
the design was properly done, the actual maintained level should be very c- osr
to the desig;: obective

A common approacr to lighting energy reduction is removing one or more
lamps from fluorescent luminaires. This approach has several shortcomings,
If one lamp is removed from a two-lamp luminaire, the remaining lamp will he
extinguished since the two are usually series-connected to the same ballast.
The result of delanping two-tube luminaires may be uneven or spotty lighting,
and if too many are disconnected, the light level in the room may drop helnw
recommended levels. An additional problem occurs if the ballast is left enler-
gized; it will continue to consume power (6 to 10 watts) even though no light
is being emitted from the luminaire. In addition, the power factor of the
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ballast, normally at about 0.90 when tubes are connected, drops to .1( tc,
0.20. Delamped luminaires with energized ballasts will decrease the overl1
building power factor, and ray result in a higher power factor penalty chdra'-.
An example of how power factor is affected is shown below.

Example: Effect of Delamping Fluorescent Luminaire and Leaving Ballasts
Connected on System Power Factor (20 Luminaires)

Assumptions:

System 1. Two standard lamps and standard ballast 94 watts 0 92 c'.

Ballasts without lamp 10 watts P 15- pf.

System 2. Two high-efficiency lamps and standard ballast 73 watts @ 92 pf.

System 3. Two high-efficiency lamps and high efficiency 70 watts e '? f.
ballasts
High-efficiency ballast without lamp 6 watts @ 15' pf.

System Situation Calculations Watts Volt-Amps Pf

1 All luminaires lamped 20 x 94 1880 2044 02
10 delamped (10 x 94)+(10 x 10) 1040 168q b?

2 All luminaires lamped 20 x 73 1460 15 7 Q?
10 delamped (10 x 73)+(10 x 10) 830 1460

3 All luminaires lamped 20 x 70 1400 152%.
10 delamped (10 x 70)+(10 x 10) 760 1161

Note: Effect on power factor of the entire electrical system may or moy rot
be significant, depending on relative sizes of the various hu-Ininq
loads (i.e., lights, motors, appliances). Example courtesy of .,
Ronan, DAEN-MPO-U.

These problems can be partially resolved by the use of "dummy" tub ts in
two-lamp fluorescent luminaire. Two types of these devices reduce light out-
put from the luminaire by 50 or 70 percent respectively, with a corresponding
energy savings. These capacitive tubes have the same configuration and dimen-
sions as a fluorescent lamp and are used to replace the lamp removed from th
two-lamp pair. The remaining lamp stays lit at reduced power; since the tub(
is transparent, light from the remaining lamp can cross through the capacitive
tube, preserving relatively good light uniformity across the area. The power
factor is also preserved within this lamp, arI ,ince the current through tile
ballast is reduced, ballast heat is also ret, . This tube permits modificd-
tion of lighting without spotty effects produced by simply removing lamps or
disconnecting luminaires. Spotty or uneven lighting is not as noticeable if
two lamps are removed from a four-tube luminaire, since the general lighting
pattern remains roughly equivalent. These luminaires have two ballasts, with
one operating each set of two lamps. Again, however, the unused ballast in
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the four-tube luminiire must be disconnected to achieve the greater energy
savings and eliminate gre3ter inductive loads on the building.

A recentlv ntrodu e,1, high-output fluorescent lamp, sold under various
trade names, woulu be usefu'l in most installations. This type of lamp savcs
from 15 to 25 per(in: ot the energy used for lighting but without noticeably
decreasing light output. The level of illumination should be checked after
lamps are removed and changed. It may even be necessary to replace some of
the remaining lewps with similar lamps having a higher output. This technique
will detract littlc fl-ci, the total energy savings, and will help insure that
the system corti,uts to provide adequate light.

Efficacy vaT 11P Xv; lamops consuming the same number of watts; even
lamps of the same type, hit cf differert colors, shapes, gaseous fields, arno.
internal coating, .ho-A voriotions. The efficacy of lamps is measured in
lumens (usable light) produced per watt of input. Selecting more efficient
lighting will allow the removal of some lamps, as long as the working surface
retains the required rumoer of foot-candles. More efficient lamps also impose
smaller heat loads on a'r-conditioning systems. In winter, any heat loss
caused by reducing wattage can generally be supplied more efficiently by the
heating system.

Substantial lightinq energy savings can be achieved by replacing ineffi-
cient lighting systems. The new lamps should be the most efficient practica-
ble and should be compatible with the application. Consider replacing exist-
ing lamps with a lower-wattage type which provides the same or a lower level
of illumination. This method is particularly applicable where current lighw-
ing levels are higher than recommended or where occupant density makes unifori
lighting the most oractical approach. Be certain that new lamps are compati-
ble for use with existing ballasts in either fluorescent or high-intensity
discharge lumir-aires. Table 4 (p 24) ranks the efficacy of various types ot
lamps. Selection f the most efficient lamp must be evaluated on the bas',, cf
a specific applicction 6 nd the performance characteristics of the individual
lamps being considered. Changing from incandescent to a more efficient light
source can give paybacks in as little as a few months or 2 years, depending on
how much the installation's electrical energy costs.

Waste occurs when iahts are left on but are not used. When lights arc
left on in areas which are unoccupied or unused for any period of time (e.o.,
outdoor parking lots, exterior lighting, interior lighting, closets, etc.,
the amount of energy wasted often approaches or exceeds the amount used oy
other systems during the week. In fact, the cost of this waste for only I
year may equal the initial cost of installing controls to eliminate it. In
addition, lights that are inadvertently left on are highly visible to the pub-
lic and can have detrimental effects on an otherwise good energy conservation
program. Generally, lights should always be turned off when they are not
required.

In many cases, modifying existing lighting controls and adding new ones
can greatly affect energy consumption. When natural light is available, con-
sider using photocell switching to turn off banks of lighting in areas where
natural light is sufficient for the task. For outdoor lighting, photocells or
time clock controls should be used whenever feasible. Parking areas, buildinq
exteriors, and identification signs usually require lighting during only a
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part of the evening. Such lighting, ex.-ept for security and safety liiqt irq.
can be turned on by photocells when light is needed and off by time switch
when expected use is over. Controls that automatically turn lights (,f at U
they have been activated for a particular period of time should be u',rd ini
areas of buildings that are either infrequently used or used only foF bitf
periods. A good example of efficient use of timer switches is for cortrol, (f
bin lights in storage areas, lights can be turned on as needed, and will
switch off automatically in 15 to 30 minutes. In multipurpose areas, dimmer
controls can be used if different amounts of illumination are required for
different activities. Selective switching of large banks of lights may also
be possible, but must be carefully considered from an economic standpoint.
Localized switches should be provided near doorways so that it may be posblc
to light only portions of large generally lit areas. When properly used,
localized switching will usually save enough energy to provide paybacK or. t;i
investment within a short period of time. Consideration should also bc civ(i:
to individually switched lamps, so that the building occupants can use indivi-
dual lamps as needed.

In many Army buildings, work stations can be relocated to takc maximum
advantage of the lighting system. First, the general lighting pattern of thc
room should be surveyed; then desks and other work surfaces should bi-, moveo c
a position that will use the existing light system to its greatest advantaqe.
It may be possible to group tasks which require about the same level of
illumination; this may provide an opportunity to reduce the amount of ligh, ir
areas where higher illumination is unnecessary. Work requiring the highcst
illumination levels should be located next to windows so as to achicve best
use of natural lighting.

Maintenance of the lighting system's components can greatly affect l -'-
ing quality, quantity, and energy waste. As any lamp ages, its light oitml
decreases; however it still consumes the same amount of energy. Wh.n d ,
dirt accumulate on lamps and luminaire surfaces, the amount of liqht eiritr-ci
from the luminaire is reduced. The amount and rate of light loss varies %th
the environment, type and amount of ventilation, type of luminaire, and th,
age of the luminaire; for example, light loss resulting from dirt a(ccuriatifr
in a maintenance building would be greater than in an administration bDu<:q!.
Up to 50 percent of a lamp's initial light output can be lost if therk, i
cleaning program and lamps are burned to their expiration and replac;ed c,rc(
a time.

Common practice indicates that when the light output ot a group Ct .p,,
has fallen to 70 percent of their original output, the entire groupi sho-.,;)c :,t
relamped at the same time. This is also a good time to determine if a n,,,
efficient or lower-wattage lamp would be suitable. Lamps and the lumi.,, -t
including diffusers, should be cleaned regularly to ensure maximum rffip ],it .
Lenses or shields that have become yellowed or hazy should be replac(d. 1r'
addition, the ceilings, walls and floors should be cleaned or repainted ir
light colors to improve reflective qualities. When daylight is usen, wir'n',
should also be washed regularly. The design of the lighting system mu' , (r!
form to the recommended standards for quality of illumination, light ,
tion, shadows, source brightness, and visual comfort, as outlined by th,
Illuminating Engineering Society, and consistent with the energy f -,nsurvlin
lighting levels mandated by the Federal government. (50/JI(lb foot-ca ,rl(,,-



Table 5 shows some common lamp types, what can be used to replace them, and
the estimated savings achieved by the modification.

Motors

It is estimated that bO percent of all electricity generated in the
United States iE used to power motors. Despite the large number of fractional
horsepower motors, integral horsepower motors consume an estimated 90 percent
of the electrical enerqy required by motors.1 0 After electrical lighting,
electrical motors are the item of electrical equipment most commonly found on
Army installations. Pumps, air conditioning units, fan coils, ventilation
systems, and simulators a"l use electrical motors.

Figure b shows typical efficiency and power factor as a function of motor
loading conditions. Unit efficiency drops rapidly when a motor is loaded to
less than 40 percent of its rated full load, and power factor degrades immedi-
ately upon application of the motor at less than full load. Figure 9 shows a
typical relationship of motor loading to current and energy use. At 20 per-
cent load, the current shown is still 40 percent.

Four factors snould be considered when evaluating a motor's efficiency:
efficiency rating, power factor, motor load variation, and voltage tabulate
variation.

The efficiency rating shows how well the motor converts electrical erergy
into mechanical energy. The larger the rating, the more efficiently the motor
uses energy, since electrical power rate charges are based on total power use
and peak demand requ)rements over a given time. It is usually important to
use motors with the highest efficiency level available, since use and demand
charges are then minimized. The application of high efficiency motors
requires some thcughc to irsure that proper frame size is obtained, and to
determine whether payba(k is achieved by considering the running hours, energy
costs, and cost differential between conventional and high efficiency motors
of equal output. A single formula can be used to make this comparison:

S HP x 0.746 kWh/hp xC x N (1. - _i) [Eq 1]
Ea Ib

where: S = annual savings, in dollars
HP = actual load
C 7 energy cost, $/kWh
N = running hours per year
Ea,b = respeclive motor efficiencies.

WOnergy Technical Certor hnspitality, Lodgina, and Travel Resource Founda-
tion, Inc., "Hich Efficiency Motors: Are They Cost-Effective?" Specifying

Engineer (August I':bC).
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Table 5

Common Lamp Types

SAVE THIS KILOWATT -
MANY HOURS SAVFD

GET THIS WATTS OVER LIFE

WHERE YOU NOW USE CHANGE TO THIS MUCH LIGHT PER LAMP OF LAMP

F40 F40 REDUCED WATTAGE SAME OR MORE 7 140

F96 F96 REDUCED WATTAGE SAME OR MORE 17.5 35

F96 HO F96H0 REDUCED WATTAGE SAME OR MORE 17.5 315

F96 1500MA NEW F96 PG REDUCED WATTAGE
SAME OR MORE 41

100 WATT 5OR20 SAME OR MORE 50 tOO

150 WATT 75ER30 SAME OR MORE 75
F LOOD

200 WATT {___ 120ER40 SAME OR MORE 80

150 #/ATT 120ER40 UPTO30 0
FLOOD 0100 PERCENT MORE

300OWAT 120ER40 SAME OR MORE 180 O

75 WATT RETROFIT U2

HPS 120 PERCENT MORE 3 2

MERCURY 15 TYPE

25 ATHPS 130 PERCENT MORE

400 WATT 5 RETROFIT UP TO 32
MERCURY 400TYPE H300 PERCENT MORE

40 ATRETROFIT METAL HALIDE i i' 30 ECNTMR

1000 WATT RETROFIT UP TO
MERCURY 1000 TYPE 440PERCENT MORE 85 8 O

METAL HALIDE P M

* Down light applications.
**Stop gap measure -- more efficient results obtained by usino hiah prnssurc,

suction (HPS) lamps with HPS designed ballasts.
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Figure 8. Efficiency and power of typical three-phase motor.
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Figure 9. Typical motor current and energy versus percent full load.
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Motor line current consists of real and reactive components. The -,al
current produces power and does the work. The reactive current pruvides the,
magnetizing energy for the motor. The magnitudes of these current componert,
determine the motor power factor. For a given efficiency a higher power fto
tor means that the motor requires less total current. Lower line current
means that less energy is wasted in the feeder circuits serving the motor.
Variation of motor load above 50 percent full load affects efficiency orly
slightly, but can greatly affect the power factor. Efficiency is relativ(iy
stable from 50 to 125 percent of a motor's full load, but the power factor
drops off severely as the motor is underloaded.

Larger motors than are necessary are often specified to provide safcty
margins. However, most motors have a 15 percent reserve service factor ov, r
their full load rating. The problem of oversizing is not as simple i1s tt
however; other major contributors to oversizing are the competitive bidurlq
concept, contractor approval of his own shop drawings, inefficient ins w-tiku
forces, nominal equipment sizes available, and design error. Motors that hlv
burned out are often replaced with larger sizes to prevent future prob!,n1. 4
Such overspecification has become common practice, but is unnecessary and
costly in terms of wasted energy. If motors are not specified close to tn'mr
rated load, energy is not being used efficiently, regardless of the motor',
efficiency and power factor rating. The power factor is more sensitive thac
the efficiency rating to line voltage variation, so voltage variations shotlI
be considered when selecting new or replacement motors. With a 10 percent
variation from rated voltage, efficiency typically varies only 1 percent at
the rated horsepower; however, the power factor can vary as much as 15 percnt
in the opposite direction for the same voltage variations.

Other Components

Numerous other building components consume electrical power: f c)o
preparation appliances, domestic water coolers, vending machines (espri1\
hot- or cold-served food), refriqerators, freezers, coffee pots, typewriterc,
photocopiers, safety and security lighting systems, se(:urit alarm systems
and clocks. Although some of these items appear trivial, many are contiti,.
electrical energy consumers. Tables 6 through 14 and Figures 10 throuou i;,
show analyses of electrical energy consumption for both summer and wint? fur
three different Army buildings -- a volar barracks, a dental clinic, and on
administration building.

Table 6 shows that the lighting consumption is roughly 25 percent of ti,
total daily consumption in the volar barracks. Pumps and fans constitute
about 55 percent of the total electrical consumption, whereas appliance,.
laundry, and miscellaneous make up the remaining 20 percent. The monthly
sumption given in Table 7 shows that summer electrical consumption in th;
building is less than the winter consumption. This can be attributed to.
a decreased energy use for lighting during the summer because of longer day
light hours, (2) soldiers being in barracks more in cold weather, and (.'I +t
barracks' location in a predominately heating climate; therefore, leris r.
is require' for the fan coil units during the cooling sacon.

The daily consumption given in Table R shows that Saturdays dnd ',unirdv.
are slightly higher electric energy use days than %orkdays; more, pcrs(r iin ,
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Table 6

Connected kW and Percent Consumption -- Barracks

% of Daily
Equipment Connected kW Consumption

S W
Lights 13.8 26 25
Pumps 4.6 29 25
Fans 11.3 24 32
Appliances 14.0 11 9
Laundry 15.1 8 7
Miscellaneous 0.4 2 2

Table 7

Monthly Consumption, 1978 -- Barracks

Mon kWh Mon kWh

Jan 13,941 Jul 9,597
Feb 11,881 Aug 10,577
Mar 13,995 Sep 9,466
Apr 11,126 Oct 11,756
May 10,745 Nov 11,734
Jun 10,358 Dec 12,611

Table 8

Daily Consumption, Maximums/Minimums -- Barracks

Summer Winter
Hourly Hourl-y Hourly Hourly

Day of Daily MIN MAX Daily MIN MAX
Week (kWh) (kWh) (kWh) (kWh) (kWh) (kWh)

Sat 361 12 19 423 14 25
Suni 398 12 21 463 14 25

Tues 356 12 23 397 14 23
Wed 381 12 22 421 13 27

34



40
TOTAL 14 135 kWh
PEAK 30 kW
AVE MIN 14 kW

30

20

10

0

15 10 15 20 25

FEB

Figure 10. Electrical consumption profile, barracks -- winter.
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Figure 11. Electrical consumption profile, barracks -- summer.
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in the barrack, c' *'e - Figures 10 and 11, which show profiie,, :>,
barracks energy us', indicate that during the winter months the 14-kW minimum
demand, extended cvir a 24-hour period, accounts for more than 70 percent of
daily total eiectr<.,. Comparisons of Figures 10 and 11 also show that
the average minimum nand is not significantly changed from summer to wirtcr
however, the peaP demand )ncreases in the winter months to 30 kW versus 23 k,
in the summer months.

Tables Q 1C,a '. 11 show similar information for a dental clinic. Ligr!
ing consumptii_)r 1U1,,c ti, summer amounts to only 7 percent of the total 'oi;.
consumption, whereas a,,r-ccnditioning consumption accounts for 52 percent (se(
Table 9). Tho comtbined ,_onsumption for all air-conditioning functions,
including fans and pumps, amounts to 68 percent of the total daily consumpticn
during the summer. Cther major electricity-consuming components in the dertf,
clinic are the dental equipment, such as the air supply equipment, dental
ovens, high-intensity lighting, and sterilization. Significant contrasts can
be seen in Table 9 for winter consumption, where lights now account for 16
percent of the Gai;v consumption. Heating fans and pumps amount to 36 per-
cent, and building, iental functional requirements amount to 46 percent of the
winter daily coTIsIL1Ivtion. Table 11 indicates that daily winter consumption is
considerably less thar daily summer consumption because of high air-
conditioning requirements. Large differences between summer and winter
monthly use are also evident, as shown in Table 9. Figures 12 and 13 show the
hourly profiles for a winter and summer month.

Tables 12, 13,and 14 show that in the administration building, lighting
accounts for 26 to 28 percent of total daily consumption, and pumps and fans
for 57 percent, and daily appliance use for 10 percent. The monthly figures
shown in Table 13 irnicate that winter consumption is higher than summer con-
sumption, again because of a higher lighting load (shorter daylight hours).
This is substantiated by comparing Figures 14 and 15. The building exhibits a
high baseline lo K ; which constitutes more than 54 ,ercent of the
building's energy consuinpt-on. This energy is being consumed even when the
building is not occupied or used for its administrative function.

It is important to reiterate that HVAC, motors, pumps, and fans often
account for 50 io 70 percent of a building's total electrical consumption,
therefore, this is it: important area for possible electrical energy reduction.
The buildings that are not occupied at night or on weekends should be equipped
with time switches to allow shut off of electrical equipment when the building
is unoccupied. The switches can be interlocked to a low-set (400) thermostat
to allow for override and prevent possible freezing.

Electrical energy consumption in military family housing is extremely
"ariable, as shown in "igure 16. The figure shows specific results of a
metering test performed or military family housing from January to August
1979.11 The figure shows the mean electrical consumption, range of consump-
tion of the high and low consumer, and one standard deviation from the mean
developed from a sample of 86 identical family housing units. Sixty-eight
percent of the units fail between the standard deviation marks on the figure.
The range of usage ir identical units (250 to 1400 kWh per month in March)

11DOD Family housing M'1 itdry Test, Report to the Congress (Office of the
Deputy Assistant ',e,,rretary of Defense [Installation and Housing., I Mar(h

1980).
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Table 9

Connected kW and Percent Consumption -- Dental Clinic

% of Daily
Equipment Connected kW Consumption

S W
Liohts 7.1 7 16
Air Cond 32 52

Fans 12.3 15 28
Pumps 3.6 1 8
Air Supply 24 5 10
Dental Equipment 80 19 36
Miscellaneous 13 1 2

Table 10

Monthly Consumption, 1978 -- Dental Clinic

Mon kWh Mon kWH

Jan 13,540 Jul 26,080
Feb 12,660 Aug 29,470
Mar 13,910 Sep 28,660
Apr 11,930 Oct 13,500
May 18,970 Nov 14,220
Jun 21,760 Dec 14,210

Table 11

Daily Consumption, Maximums/Minimums -- Dental Clinic

Summer Winter
Hourly Hourly Hourly Hourly

Day of Daily MIN MAX Daily MIN MAX
Week (kWh) (kWh) (kWh) (kWh) (kWh) (kWh)

Sat 670 23 34 207 8 9
Sun 760 23 40 207 8 9

Tues 933 24 65 506 8 43
Wed 1009 24 65 501 8 42
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Figure 12. Electrical consumption profile, dental clinic -- winter.
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Figure 13. Electrical consum~ption profile, dental clinic -- summer.
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Table 12

Connected kW and Percent Consumption -- Administration

of Daily
Equipment Connected kW Consumption

S W
Lights 40.0 25 28
Pumps 3.5 7 6
Fans 20.5 51 51
Appliances 9.0 11 9
Water Heating 5.0 3 3
Miscellaneous 10.0 3 3

Table 13

Monthly Consumption, 1978 -- Administration

Mon kWh Mon kWh

Jan 19,750 Jul 18,950
Feb 16,710 Aug 19,490
Mar 17,020 Sep 16,080
Apr 18,480 Oct 17,650
May 19,070 Nov 17,290
Jun 18,150 Dec 17,360

Table 14

Daily Consumption, Maximums/Minimums -- Administration

Summer Winter
Hourly Hourly Hourly Hourly

Day of Daily MIN MAX Daily MIN MAX
Week (kWh) (kWh) (kWh) (kWh) (kWh) (kWh)

Sat 468 14 24 475 18 22
Sun 454 14 22 488 18 23

Tues 652 15 40 744 20 42
Wed 663 17 43 688 16 42
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Figure 14. Electrical consumption profile, administration building -- winter.
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Figure 16. Family housing electrical consumption variation.

shows that family housing electrical consumption is hiqhly dependent on th,
lifestyle of individuals occupying the house and on the equipment heinc used.
Table 15 shows the range of electrical consumption (kWh/yr) for various major
family housing appliances. The type and usage patterns of appliances, the
climate, the number of occupants, and the building thermodynamic characteris-
tics all affect electrical use in family housing.

Conservation or reduction of electrical energy use in military family
housing depends largely on the occupants, so they must receive energy conser-
vation information and guidance. In addition, electrical consumption can b,
reduced by limiting peak consumption through techniques that centrally control
the operational periods of air conditioners, electric dryers, and water
heaters if their use affects the installation demand billing periods. Contre!
may be affected by such means as Frequency Modulation (FM) signals to
receivers on the equipment, or by high-frequency power line carrier signic to
receiving devices or over common telephone lines to end receivfrs. Somc
appliances, such as furnace fdns, central air conditioners, retrigerators. onG

freezers are also good candidates for motor voltage controllers. (onsidrr,-
tion should also be given to replacing ceiling incandescent and exterior
incandescent lamps with higher efficiency lamps.

Electronic Time Switches and Load Controllers

Electronic programmable time switches and load controllers, ar rlati,-ly
new on the market. Recent advances in microprocessors have produced smnll
packaged units for multi-control functions. In their simplest form, the dev-
ices are digital electronic time clocks that can be used to control I to ?C
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Table 15

Family Housing Appliance Consumption

Appliance kWh/yr Appliance kWh/yr

Refrigerator 700-2000 Television, color 400-600

Freezers 1200-2200 Television, black 100-200
and white

Dishwasher 300-500 Humidifier 600-800

Range/Oven 800-1000 A/C, room 500-2000*

Clothes Washer 80-120 A/C, central 500-4000*

Clothes Dryer 900-1200 Water Heater 4000-6000

Furnace Fan 600-1000* Clock 17.5

Lighting 1500-2500 Can Opener 0.2-0.3

*Approximate ranges -- highly dependent on climate, amount of use, and

type of appliance.

different electrical loads through electric relays under as many different
operating schedules. They are less expensive and are claimed to be more reli-
able than the often-used electrical/mechanical time clocks. Advantages of
these systems are refined time accuracy, small size, long-term (24-hour) bat-
tery carryover, constant memory, and ability to control numerous loads from a
single building location. The devices are easy to program initially or repro-
gram later to eet varying requirements. Although their long-term reliability
has not been determined, it is expected to exceed that of the mechanical dev-
ices.

Load- and duty-cycle-oriented controllers provide a more sophisticated
means of electrical load control. These devices can be used for loads that
may need to operate under different or dual schedules. Options normally
available on some systems can provide thermostatic override so that restarting
will be based on a preset indoor or outdoor temperature or humidity condition.
Additional options can shut off critical loads in the event of low voltage
conditions, single phasing, or phase reversal, and automatically re-energize
the devices when the fault is corrected.

A more complex and sophisticated approach to both electrical and thermal
energy consumption control is use of an Energy Monitoring and Control System
(EMCS). The EMCS is an energy management system that employs minicomputers,
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microcomputers, instrumentation, control equipment, sensors and sottwmr, I,'
grams configured into a complete system. This system (ontrol, multiple furl
tions in numerous buildings from a central point of operation and sup"rvi-
sion. 12 From an electrical reduction standpoint, EMCS is a large-scdl,,
multi-building application of time of operation scheduling, demand limitinj,
duty cycling and sophisticated HVAC control from a centrl locatien; it ,.

provides feedback on equipment status.

Lighting Tests

Fluorescent lighting consumption of a single, two-lamp luminjir( wi,,
measured in the laboratory to verify effects of high-effi iency lamps arc t),1-
lasts. Table 1b, which shows the results of these tests, indicate th.at
high-efficiency lamps reduced energy consumption by roughly 25 to d. ,: .
High-efficiency ballasts produced only a 3 to 6 percent reduction, bui liv,
more light with high efficiency lamps than do high efficiency lamps ith
regular ballasts. Lighting levels were measured at 3 ft (0.1 m) p(rp ld. ,
lar to the luminaire centerline. A dramatic decrease in power factor fur
luminaires was noted when lamps were removed, but the ballast rer m ino~l vr,,

gized. Nearly all the energy consumed by the ballast in this case

Table 16

Two-Tube Fluorescent Luminaire Test

Energy Power Light Output
Configuration (Watts) Factor (FC)

Regular Lamps 100 0.88-0.92 160
and Ballasts

High-Efficiency Lamps 73 0.80-0.85 14u
and Regular Ballasts

High-Efficiency Lamps 70 0.9O-0.Q5 I5V

and High-Efficiency
Bal lasts

Regular Lamps and 94 0.88 0.04 I'-
High-Efficiency Ballasts

Regular Ballast, 8-12 0.10-0.30
No Lamps

High-Efficiency Ballast, 4-8 0.08-0.30
No Lamps

12 Energy Monitoring and Control System (EM(S) Large System (.orifigurotito,
Draft CEGS-13947 (Department ofe--rny,- - f (_)_r (W11 , r
September 1q80).
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4 to 12 watts) is rfktive and lowers the overall building and in-tallat4cn
power factor (sec ,.amp'c, p 27).

An administrati,; building at Fort Carson, CO, was chosen for a metered
test of the energy-efficient fluorescent lamp in actual use. The building
is a two-battalion headquarters and classroom building built in 1974. The
single-story structure has a floor area of 18,770 sq ft (1744 m2 ) with a
partial basement of 333U sq ft (309 p.2) that is used intermittently as a
rifle range. Tht- total connected liejhting load for the building is 41 kW.
All fluorescent luminaires in the building were relamped with energy-
efficient lamps (Watt Misers). Figure 17 shows the metered effect of the
relamping. The peak daily demand was reduced by 4 kW and overall electrical
energy consumption was reduced by about 500 kWh per week. At a cost of
$0.04/kWh, the savings would be $1040 annually. The area on the curve where
relamped consumption is higher than that for the old lamp is caused by HYAC
equipment operating at different times during the daily operation of the
building. The energy-efficient lamps reduce total building electrical con-
sumption by 10 to 12 percent.

Electronic Time Switch Test

The battalion headquarters and classroom building was also used for a
metered test of an electronic Frogranmable time switch (see Figure 18). The
type of switch used can control four circuits with 10 separate programs and
costs $300. The switch was used to control HVAC equipment in the building's
mechanical room. Table 17 givts the connected equipment and schedule. The
staggered on/off times were incc-porated so that the switching could be
observed and defined from the measured data.

The electronic time switch reduced consumption by 90 kWh per week, and
at $0.04/kWh, will proouce annual savings of $1870. The savings occur when
the building is unoccupied. Figure 19, which illustrates the savings for a
weekday, shows t0-a- the savings occur primarily during the night and reduce
the weekday baseline (mnimum) load from 17 to 11 kW demand. Figure 20
shows the effect of uOing the switch on weekend!, where the difference in
consumption and demand is more noticeable. Figures 21 and 22, respectively,
show consumption before and after the 14-day period when the time switch was
installed and indicate a reduction of 26 percent in the building's total
consumption after installation. These curves also show a baseline demand
reduction of 7 kW.
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Table 17

Equipment Schedule

Equipment _ f

AHU #1 and CW Pump 6:00 a.m. 4:30 p.m.

AHU #2 8:00 a.m. 5:30 p.m.

Water Heater 7:00 a.m. 4:00 p.m.

HW Pump and AHU #2 5:00 a.m. 4:00 p.m.
Coil Pump

*Equipment programmed off on Saturdays and Sundays.
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Figure 17. Effects of relamping test.
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Figure 18. A time switch.
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Figure 19. Effect of time switch -- weekday.
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5 EQUIPMENI AND TLCHNIQUES Ft)R ELETRIAL REDUCTION

Power Factor

Power factor is the phase relationship between the current and voltag,,
waveforms in an alternating current electrical system. Under ideal cond'-
tions, the voltage and current are "in-phase," and the power factor .s !. -r
unity, often expressed as 100 percent. If loads such as, but not limiter. lo.
induction motors, fluorescent lamp ballasts, transformers, or welders art-,
present, power factors of le",% than 1.0 will occur. These inductivc loads
require work-producing current (active) and a magnetizing currcnt (reactiv
The reactive current performs no useful work, providing only the magne4ih"'
force required for operating the device; however, the additional currni ml,,J
be carried by all system components (conductors, transformers, and switchqear)
upstream of the load. The increase in total current, caused by the "eacIivo
component, increases the voltage drop in the system, causing performanu to
decrease in other electrical equipment, and causing increased heating in sys-
tem components, which reduces their capacity to cary 'work-performing power.
Distribution losses also increase since the reactive current must of. ca"rC-
by the distribution system (12r losses). As mentioned previously, utiliiy
companies sometimes assess penalties for low power factors, which can signili-
cantly increase some Army installations' electrical bills.

One common cause of poor power factors is using motors that are laroer
than nece sary to drive individual loads such as tans and pumps. The react f ,

magnetizing current providing the force for motor operation remains virtt ,i1y
constant from no-load to full-load, but the power useo to drive the loed
varies considerably from no-load to full-load. Therefore, lightly i(a:'<
motors operate at very poor power factors because the size of the r1a tiV(
current component is large relative to that of the active current comFcr(-v
Poor power factor can also be caused by excessive us( of low pOwer Fa:Ctrl
lighting ballasts or ballasts that are left connected in a delamped fiixu,',
To some degree, poor power factor, can be forestalled by sizinq riotors as
closely as possible to the load's actual horsepower requir-ci,-nts or 0y i
high-efficiency, high power factor induction motor. Most motor mariutact ur~,
now offer a line of high-efficiency/high power factor induction rolors. l1c
power factor can also be improved by cancelling the laqaina coml nenl t '
inductive reactive current by means of an opposing leadigq reactivc currer' t,

the applied voltage.

Synchronous motors can also be used to raise the power faktor ,cT
Sychronous motors are designed to have a unity power fa(ctor or a Ica('rA prf-
factor where their use would offset the lagging reactive (omponent of cthf,
system components. Static capacitor banks have replaced synchronous e'
and condensers as sources of reactive kVA in most application' whcrc, thr 1 ir'
cipal need is to supply leading reactive kVA's.

Capacitors offer the most practical means of improving trio pow, 4a, t
on Army installations. They are versatile in application and thrr.c;, :,"'

installed at any point of the installation's power system downstream eo .,
utility company metering equipment (e.g., a" the main substation, acros fi'
terminals of the load, or at any point in between, such ds a motor conttcl
center or a distribution substation). Capacitors must hr us (i with t1.n to



avoid overcompensation (leading power factor) and misapplication (hoists).
Capac'tors are sold in d variety of modular units and in various kVAr (kilovar
or kilovolt ampere r tK,2 ratings. They are passive devices (no moving
parts) and can )e insrdiled at any convenient location that will minimize wir-
ing costs. In effc %, caoactors compensate for lagging kVAr on a one-to-ore
basis. For example, a iQ0-kVAr capacitor will cancel the effect of 100 laq-
ging kVArs. Installing capacitors on the installation power system anywhere
downstream of the utility companies' metering equipment will improve the
overall plant power fartor and thus reduce power factor penalty charges.
Although capacitors can be connected at the load, the main substation, or at
any point between, each option has separate economics and benefits. The
nearer the load, the better the advantage, but also the higher the cost
because of increased unit cost for smaller capacitors and increased cost
caused by the lower voltage (larger physical size) of the computer. These
must be thoroughly understood to determine the optimum point of connection.
The FE must decide if all the benefits of power factor improvement are needed
and will justify the high capacitor installation costs. The raw cost per kVAr
of capacitors ranges from $3 to $100, depending on the voltage and the size of
the capacitor being used.

Table 18 provides data that will help FE personnel evaluate power factor
problems. The table provides kilowatt multipliers for determining the capaci-
tor kilovars required for power factor correction. To use this table, enter
the left vertical at the existing power factor; then move to the right along
the row containing the original power factor value to the column containing
the desired corrected power factor. The factor at this location multiplied by
the kilowatt load on the system equals the kVAr of the capacitors required to
obtain the corrected power factor.

Motor Vol tage ar Powe'r Fac tor Control I ers

A new device, invented at the National Aeronautics and Space Administra-
tion (NASA), has recently been advertised as a power factor controller to
improve efficiency of existing motors. The invention was granted a patent in
October 1977 arl is owned by the U.S. Government; it is available to any
manufacturer. ihis controller monitors the phase displacement between the
applied voltage and the current drawn by an electric motor. The phase differ-
ence controls a triac semiconductor switch connected in series with the motor.
This changes the duty cycle of the incoming waveform, somewhat like a
silicon-controlled rectifier controls light dimmer functions. The effecTiv
input voltage is reduced at the expense of introducing switching transients
into the supply lines. The basic concept behind this device is that a par-
tially loaded motor does not require rated voltage to produce the requircd
work, and that under these conditions, the effective reduced voltage reduces
heat loss. This increases the efficiency of a partially loaded motor in com-
parison to that of a motor connected directly to the line. Even with the con-
troller connected, the motor continues to run at almost its rated speed, since
the input frequency remains the same.

Although the units have been tested and have been shown to provide signi-
ficant power savings when a motor is not being used at its full load rating,
several problems must still be resolved: (1) adverse effects the device may
have on a distribution system caused by transients; (2) electromagnetic
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Capacitor Correction Factors
(kVA of Capacitors Required = Factor x kW Load)*

Existing
Power Corrccted Power Factor
Factor,
Percent 1001! 95" 90 851 80; 75"

50 1.732 1.403 1.247 1.112 0.982
52 1.643 1.314 1.158 1.023 0.893 U.7h,
54 1.558 1.229 1.073 0.938 0.808 C.c!t
55 1.518 1.189 1.033 0.898 U.76P G .,
56 1.479 1.150 0.994 0.859 0.729 0(.50
58 1.404 1.075 0.919 0.784 0.654
60 1.333 1.004 0.848 0.713 0.583 OA%
62 1.265 0.936 0.780 0.645 0.515 u.m
64 1.201 0.872 0.716 0.561 0.451 u.31c
65 1.168 0.839 0.683 0.548 0.418 0.2(
66 1.139 0.810 0.654 0.519 0.3p9 0.25
68 1.078 0.749 0.593 0.458 0.328 U IQt
70 1.020 0.691 0.535 0.400 0.270 0.1>
72 0.964 0.635 0.479 0.344 0.214 0.,8
74 0.909 0.580 0.424 0.289 0.159
75 0.882 0.553 0.397 0.262 0.132
76 0.855 0.526 0.370 0.235 0.105
78 0.802 0.473 0.317 0.182 0.052
so 0.750 0.421 0.265 0.130
82 0.698 0.369 0.213 0.078
84 0.646 0.317 0.161
85 0.620 0.291 0,135
86 0.594 0.265 0.109
88 0.540 0.211 0,055
90 0.485 0.156
92 0.426 0.097
94 0.363 0.034
95 0.329

*Recheck at low load condition to insure leading power factors are not obtained.

interference (EMI); and (3) changes in motor life. Whether this motor con-
troller actually changes or improves the power factor is difficult to define
because the motor controller reshapes incoming voltage waveforms. However,
the voltage and current to the motor are reduced; therefore, both the activE
and reactive power components are reduced. These reductions will positively
affect the total building's power factor in relation to the overall buildinq
reactive power requirement.
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Alternating Luj--- ent Synthesis (ACS) is an electric power conversion tech-
nique invented at the Mdssachusetts Institute of Technology in the early lY1.Us
by Mr. R. H_ Eakr,. ,t use.; power transistors to switch direct current idk
electricity sources -- such as batteries or rectified utility power -- to rjr,.-
duce a synthetic ac waveform. The frequency and voltage of the ac waveform
can be varied arin contr( ;led to match the requirements of stand.ard electric
motors, which can thren be effectively operated at variable speed.

There are t,,,c: b ays to employ ACS devices. Since ACS is essento1,
a technique to switco ar,( resynthesize dc power, it is possible to start w-Ith
dc sources such as batteries or solar cells. The discrete blocks of dc ,rcwer
are then appropriately reconfigured in the ACS to manufacture an ac outpul
waveform of variable v;oltage and variable frequency. In this fashion, one
experiment demonstrated the capability to use conventional ac water pumping
machinery with enerqly supplied by solar photovoltaic panels.

The other, more common, way to employ ACS devices is to begin with fixe6
voltage, fixed freo-ency utility supplied power, rectify it with conventiora, i
means into dc power, ara. then resynthesize it in the ACS device to variable
voltage, variable frequency ac power. Several ACS units have already demon-
strated this capability in air handling and liquid pumping applications.

Since 1976, ACS has been the subject of intensive development at the
Electric Power Conversion Systems Venture of Exxon Enterprises Inc. There are
now over 30 engineering professionals and technicians working on the develop-
ment, improvement, and application of ACS devices. Although other "invertcr"
techniques are dvailable to generate variable voltage, variable frequency ac
wavefo ms, none are known to approach the efficiency, reliability, cost eftt(-
tiveness, weiqht, and volume jdvantages of ACS.

A key ,,'; r csI is technique is the elimination of iron filt(rs arr
transformers. ;,, onel equipment, magnetic (iron) components are Ut;'(!
to reshape crude wavefolms ;nto something resembling a sinusoid. These com-
ponents result ir e ~uip-ent which is heavy, expensive, inefficient, and at.
best, imperfect. kittr AC,4 the waveform is accurately synthesized diqitallv,
thus eliminating the noecr for additional waveform optimization. The resLtI

significant redictier in equipment size and cost as well as significant
improvement -n eofiiuncy.

Alternar nq rurrert motors have always been considered fixed-spee(- dv-
ices; that is, when energized directly from the fixed voltage and fixed fre-
quency electricity supply of a utility, the rotating speed of an alternatirc
current motor is es entially constant no matter what the load demand is. By
providing excitat.ier fe-ir an ACS device, it becomes possible to effect signi-
ficant energy savings by running this normally fixed-speed machinery at the
optimum speed demanded uy the load.

This variable speed capability can result in energy savings up to 50 per-
cent in typical industrial process applications.
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Appl ications

I here i r( mny pei t 1~ tie'.,o th<-o~ C r'
electric motor ot up t.c 40t.i ip s a t-andilldt'. lhe salient pco,nt_  in d, ,- ,
ing the best application is tit. r( Quirement that the motor b( parT ( odor
(i.e., <75 percent) for a si Pnifi( ant portion of its operational tin !h
is important because the greatest savings o(cur at pa't 1oad. K.nowi,q wi ',.t
motors are running at part load und trio degretr,,f the partlio '0, rc I

times di ticu t. This intormation 'Toy he ehtained e tnir by me tirmn ,-
analysis. Calculations aust 0it 5(rforwecl incorr arratinq tt, o" r :.r ,.
run time, and estiniatod sav'nqs created by appli ication ot the (I -c ,
time, the manufacturersI test data are ohe oy sav is daa avji nl.

The best and most accurntt of the mrtor pnwr, t C

can be done using a power tactar meter which aittaches to the motor tr-,;.
A three-phase power factor mitcr costs between $S100 and S2OUU. E-ither pii
personnel or contractors can take the measurements. !This adnd 1 abc -/:
must be considered when deternini rg the economic feasibil i ty of ista ric
power factor controllers.)

Analysis, while not as accuoac, as d ec t meosur-ment, wi i I'c0[
less expensive. Some examples of possible app i cations , as (- I i r ,

analysis, are presented below. In q1 neral, ,hose devices ', , , c C t
high use, variable load, or l ightly loaded motors.

I. Pumps. Many pump motcrs ae oversized because of tn( pasi,,
of insuring that the motor rameplate, ratinq wouldI not be exceded ..,
brake horsepower at any point on the pump curve. The brst cciid,t ,
will be those which operate unoer variah1 e flow rates. Applicator: ic i k
considered on variable-volume, hot- cr chillod-water system cira i'. .

condenser water circulating pumps. -co : t :r ho;.r tee ,, .

2. Fans. Any fan where the volumeo a i r handled v.-i ries is 0 cr.. I
didate for power factor controllers .q. , f Or- in variabl e volur,. syrvtc:r ,

with inlet vane or damper control). Farls or a ir-cool en con,-rsorS a,
good candidates.

3. Compressors. Compress"ors , i f i e P part 1oar t ,i
reasons. Depending on the type of comprc.'ir unioadng, the mcter ,
power factor controller or other 0evic( . On ret iprocati n' comlpls'csor .
the power factor controller may br useful when SLCi(:tn valve lift, () ,
head bypass, or back pressure valve capa ity reduction is usoeo. ;ewi'v( I
control would not be useful when hot gas bypass is used, be(_a ,( the ,
sor load is not reduced. Power f,, tar controll rs may hr applie .o'
gal compressors with variable inlet vons or suction damp, r e-apak- : t' ,

Time Switches

A problem arises when eneray maraqrrs depen o n eq pm!-r, t. opci, ol,.
switch the motors. In some cases, individuals ,.o not know when equipme ,,'- ,,T
be turned off and still not inter rupI building operations. Thrre or .' cr
situations when th timin(lof "turninq a od oft" he omcts critical n itry
of obtdininq maximum savings. A modern cheduling devic (i.e., an le, tr ,,



programmnable time switch) has several channels which can be separately pro-
granmmed for different on and off times during one or several days.

Scheduling is the automatic turning on and off of several loads so that
they are only on when needed (e.g., plugging a coffee maker into a preset
alarm clock so that the coffee will be ready at a specified time). Many
actual situations in buildings are uncontrolled and therefore waste energy. A
scheduling device -- used for fan motors, pumps, exterior lighting, and
exhaust fans -- can help relieve this situation.

Another way of controlling motors is by duty cycling -- turning loads on
and off at a fixed rate to achieve only a percentage of total on-time. The
time period of each cycle is very short (5 to 30 minutes) when compared with
scheduling. Ventilation fans are an excellent application for duty cycling.

Many of these are over-designed for the room or building where they are used
since new ventilation criteria have been issued. Thus, they can easily be
cycled without any loss of effectiveness. However, some larger motors should
rnot be cycled too frequently. -Some manufacturers recommend their motors not
be restarted more than one or two times per hour.



6 CONCLUSIONS

Most electricity consumed by Army installations is for lighting, heating,
air conditioning, ventilatinn, appliances, and motors.

A large percentage (50 to 70 percent) of total annual electricity ccr,-
sumption is attributed to the mnanitudc of the minimum baseline consumption
(lowest hourly demand/consumption). The baseline is attributed to HVA.C f,nc
and pumps that operate continuously.

Daily and seasonal electrical demands depend on climate, season, type of
building, and the habits and lifestyles of building users.

Reducing overall energy use and demand on Army installations will r(duce
the energy, fuel adjustment, and demand penalties often incurred by large
power consumers.

Use of more efficient equipment will reduce electrical consumption as
well as demand, and will reduce the overall electricity expenditures by
-increasing the power factor. This will have substantial impact on the
installation's utility bill.

Electronic programmable time switches can be used to schedule the opera-
tion of major electricity consumtrs, such as HVAC equipment; they provice 0
viable and economical method of eliminating continuous consumption, and tnus
often reduce the baseline consumption by as much as 60 percent and overall
building consumption by as much as 30 percent. When economical, electronic
programmable time switches in conjunction with override thermostats in cole
climate should be applied to schedule HVAC equipment.

An analysis of installation utility bills for past years will revcol -tit
sources of electrical cxpenditures and show whether savings are more readily
available from energy conservation, demand limiting, or power factor correc-
tion.

Army installation elf,(trical (.r!e rgy consumption can bfe subst ntiall
reduced (10 to 30 percent) by applying t(chniqucs such as time schrdulin cf;
equipment and reduced energy for lights. at the ,ame or reduced light lev!is.

Motor voltage controllers (power factor controllers) can be fft( (iv, l '
used on many Army motors to reduce motor operatinq costs by as much as I(' ,i -
cent. Motor voltage controller's (power factor controller) should first I'.
used in several noncritical applications such as HVAC fan and pumps to (i ttr-

mine their reliability and applicability. Their application and use houlr I
carefully monitored to obtain operational and reliability information. Orly
those used successfully by other consumers should be tried.

The variability in family housing electrical consumption of identical
units indicates major differences in occupant use of energy; therefore, (enri-
tinued emphasis should be placed on energy conservation education and aware,-
ness. The use of demand-limiting switches (controlled by radio signals o-
time switches) is recommended for equipment such a, central air conditioners.
electric dryers, and electric hot water heaters.
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A survey of each Army building (using Figure 23) will help determine the
electrical equipment installed, operating hours, and special requirements. An~
analysis of each building survey will provide a basis for scheduling start and

stop times for equipment and will allow the FE to determine the potential for
electrical energy reduction in the areas of lighting or equipment scheduling.

A major pitfall in motor replacement is oversizing, which causes exces-
sive power consumption and a poor power factor. If high-efficiency motors are
used in new and replacement situations, motor operation efficiency can
increase by 5 to 8 percent.

Modification of existing inefficient or ineffective lighting systems can
reduce lighting energy consumption significantly (up to 50 percent). Lighting
surveys and effective design of lighting modifications are essential to obtain
optimum savings and still maintain adequate lighting. High-efficiency
fluorescent lamps should be used in most relamping situations. The installa-
tion should compare the economics of either complete relamping or replacing
lamps upon burn out whenever the age of existing lamps (more than 8 years)
indicates high failure rates. High-efficiency ballasts will usually not be
economical because replacement is labor-intensive and there is a low savings
(3 to 6 watts/hr); however, these should be used to replace failed ballast.

The best way to reduce electrical energy consumption is to emphasize
automatic scheduling control or cycling of HVAC motors and the use of more
efficient lighting systems. HVAC equipment generally is the major contributor
to the baseline consumption in a building because it often operates continu-
ously. The FE must know how much electricity each component uses and the
length of time it operates to determine savings created by scheduling.
Detailed building-by-building surveys will determine actual operational and
occupancy requirements, connected equipment and equipment/appliance usage, eir
corresponding consumption. An analysis of electrical utility bills which isn-
lates energy, demand, and power factor penalty costs may suggest more effi-
cient operational or equipment use techniques, such as peak shaving or demand
limiting if demand charges are high, or power factor corrections if the pownr
factor charge is high. Analysis should be done as shown in Tables 2 and 3
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Bldg. No.___
Lighting -- Interior and Exterior Type _ __

Type Location Light Level Number of Watts Per Est. Monthly Calc. Monthly
or Use (Foot-Candles) Fixtures Fixture Hours On Consumptio-

(kWh)

Lighting Total

Number of Fixtures X Watts/Fixture X Hours of Use Consumption (kWh)
1000

Motors -- Include All HVAC Fans, Pumps, and Exhaust

Use Location Horse- Volts and Full Load Power Est. Monthly Calc. Monthly
power Phase Amperage Factor Hours On Consumption

(kWh)

Motor Total

Single Phase: Volts X Amps X Power Factor X Hours of Use Consumption (kWh)
1000

Three Phase: Volts X Amps X Power Factor X 1.732 X Hours of Use = Consumption (kWh)
1000

iqurp 23. Hlretrical survey form.



Other Equipment and Appilances
(TTin dwer olesater heaters, vending machines, etc.)

Number Est. Monthly talc. Monthly
Electrical Device Volts Amps Watts of Devices Use (Hours) Consumption*

(kWh)

Equipment Total _____

*If motors, use formula on previous page, otherwise

Volts X Amps X Hours of Use =Consumption
1000

Lights ___

or Motors
Equip.

Watts X Hours of Use = Consumption Building Total
1000

Normal building occupancy

Number of occupantsE

Explain special requirements:

Figurp 23. (Unnt 'd)
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Checklist for Energy Misuse (circle one)

Exterior:

Are lights on during daylight hours? Yes/No
Exterior lights are presently controlled manually/by timers/by photocells?
Are windows open during HVAC operation? Yes/No
Are doors blocked open during HVAC operation? Yes/No
Indicate general condition of sealing, caulking, and
weatherstripping:

Windows good/fair/poor
Doors good/fair/poor
Other penetrations good/fair/poor

Note and record outside air temperature at time of survey 0OF
Other problems noted during exterior survey.

Interior:

Lights being used when not needed

Work Areas Wattage of Lamps on

Offices
Day Rooms
Corridors
Closets
Mech. Rooms

Are large area room lights switched to allow partial use? Yes/No
Specifics:
Are fluorescent fixtures delamped to reduce light level to
50/30/10 foot-candle? Yes/No
If not, indicate problems.
Have ballasts in delamped fixtures been disconnected? Yes/No
Are temperature restrictions (65 winter/78 sunmmer) being
maintained? Yes/No
Check setpoint of representative sample of thermostats. Record below.
Measure temperature of room near thermostat. Record below.

1 2 3 4

Are thermostats of the limiter type? Yes/No; setpoint temp.
Do thermostats incorporate night setback? Yes/No; measured temp.

Hirure 23. (Cont'd).
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